Abstract. The article deals with the static analysis of truss structures, focused on the specification of maximum load applied at the gantry crane. Due to the verification of authors' computer skills in software Robot Structural Analysis, the simple planar truss structure was investigated at which also analytical method was used. The results were comparable, so the gantry crane as 3D truss could be preliminary studied. The first strain analysis of crane has shown that the primary design of the structure was not acceptable and the construction would not be able sustain nor own hoist. Therefore, the truss was reinforced by additional bars and new remodelled gantry crane could be tested to specify the maximum load of external weight.
Introduction
Trusses are one of the most widely adopted structural designs, many times being utilized as the structural solution of choice for bridges, roofs, cranes, aircrafts, and even robots and spaceships. A truss is a structure composed of slender members joined together at their end points. Planar trusses lie in a single plane. In practice, joints do not have to be pinned: it can be assumed a joint behaves as if it was pinned as long as all the bars passing through a joint intersect at a single point. Typically, the joint connections are formed by bolting or welding the end members together to a common plate, called a gusset plate.
Generally, there are two basic types of trusses: common and bridge trusses. Within the common types of trusses can be recognized: [1, 2] A.) Pratt Truss ( Figure 1 ) -This truss was patented in 1844 by two Boston railway engineers Caleb Pratt and his son Thomas Willis Pratt. The design uses vertical beams for compression and horizontal beams to respond to tension. What is remarkable about this style is that it remained popular even as wood gave way to iron, and even still as iron gave way to steel. C.) Warren Truss ( Figure 3 ) -The Warren truss was patented in 1848 by its designers James Warren and Willoughby Theobald Monzani. This truss consists of longitudinal members joined only by angled cross-members, forming alternately inverted equilateral triangle-shaped spaces along its length, ensuring that no individual strut, beam, or tie is subject to bending or torsional straining forces, but only to tension or compression. Next type of trusses are the bridge and roof trusses at which the load is transmitted by the deck to a series of stringers and then to a set of floor beams. The floor beams are supported by two parallel trusses. The supporting trusses are connected top and bottom by lateral bracing. Additional stability may be provided by portal and sway bracing.
Static Analysis of the Gantry Crane -Preliminary Study
The analysis of trusses is usually based on the following simplifying assumptions: [3, 4]  the centric axis of each member coincides with the line connecting the centres of the adjacent members and the members only carry axial force,  all members are connected only at their ends by frictionless hinges in plane trusses,  all loads and support reactions are applied only at joints. Force developed in a truss member is always axial. It can be either tensile, or compressive. Statically determinate truss is defined if all the forces in all its members as well as all the external reactions can be determined by using the equations of equilibrium. There are several strategies for carrying out the corresponding calculations, but today the computers are used for truss analysis. The first and conceptually simplest method consists in considering each joint as an isolated body, for which the equilibrium equations must be satisfied. Alternatively, the bar forces can be calculated by using sections to separate parts of the structure and then applying suitable equilibrium equations for one of these parts. Internal stability is considered if number and arrangement of members are such that the truss does not change its shape when detached from the supports. Truss members are usually connected by smooth pins. The stress produced in these elements is called the primary stress. The pin assumption is valid for bolted or welded connections if the members are concurrent. However, since the connection does provide some rigidity, the bending introduced in the members is called secondary stress. Secondary stress analysis is not commonly performed. All loading is applied at the joints of the truss. Since the weight of each member is small compared to the member force, the member weight is often neglected. However, when the member weight is considered, it is applied at the end of each member. [5, 6, 7] The most common type of overhead crane used in manufacturing environments is the overhead bridge crane. This crane runs on elevated tracks and is a popular choice because it offers hook motion along three axes -up and down, back and forth, and side to side. These cranes can run either on top of girders or be underhung. The gantry crane operates in a similar fashion to the overhead bridge crane with the main difference being that it is supported on the floor, either connected to a set of tracks or on four wheels. A pair of steel legs support the bridge from which the hoist is connected. These cranes make a lot of sense when a load has to be transported between buildings. In other instances, they are the right fit when a manufacturer doesn't have long-term plans to stay in one spot.
At the designing of the crane it is important to what loads are safe and what loads are accidents waiting to happen. It is also important to consider how the crane will be moving, how often it will be used, and how it will be supported. That's why companies need to keep future load requirements in mind. Once a crane is installed and too little clearance exists between the bridge and the ceiling, a metal fabricator doesn't have much choice but to raise the roof if it wants that crane to be modified to pick up larger loads than it was originally designed for. [8, 9] Gantry crane specified for usage in manufacturing process was designed by authors and made from plastics according to standardized norms of European model trains NEM (Normen Europäischer Modellbahnen) in reduced scale 1:87. It is shown in Figure 4 .
The track gauge of crane is 28 m and headroom is 17 m. Following profiles of bars from steel S355 were selected for designing: circular hollow profile ( 175 with thickness 7 mm;  250 mm with thickness 10 mm) and rectangular profile (350x170 mm, 400x260 mm and 800x700 mm). The steel S355 is unalloyed structural steel suitable for welding according to EN 10025. In next step the crane was modelled in software Autodesk Inventor Professional within Truss 3D Design module as it is seen in Figure 5 . This primary designed crane was loaded by the weight of individual bars and also by the weight of wire rope hoist (estimated weight of 2 000 kg) positioned centrally and loading ballast (estimated weight of 500 kg). Load 2 000 kg from hoist is decomposed into four points that lying closest to the place in which the hoist is positioned. Five hundred kilograms in each of these points correspond to the force value of 4,9 kN. The same value of force is caused by the counterweight. Analysis has shown a deformation of crane (in Figure 5 the most deformed bars are red coloured). That is why it was necessary to rebuild and to add next bars (as it is shown in Figure 6 ) to be the crane more rigid. The crane was analysed again and after redesigning no deformations were evident. In next step the structure was loaded not only by the load mentioned above, but also by external weight (in manufacturing practise it is a heavy component or equipment).
When loading the crane by external load 10 tons, the maximum value of stress was 84,74 MPa. The structure can carry this load without any problems or design changes. Gradually the maximum external allowable load was increased up to 82 tons when the stress came to the value 495,44 MPa (Figure 7 ), which exceeds the maximum limit of the material strength of 490 MPa ( Table 2) . The crane will not sustain this load and material could be destroyed. This implies that crane can be theoretically loaded by maximum of 82 tons. In Table 1 are summarized the values of loads which were used for static analysis in the software Robot Structural Analysis and also the values of maximal stress obtained in individual steps of analysis. The thoretical and real maximum external loads differ, because it is needed to consider the safety of crane. Minimum factor of safety for wire ropes of cranes and derricks is "6" [10] , so the weight 13,5 tons was preset as the maximum allowed external load.
Summary
The cranes and other lifting accessories are an essential part of manufacturing and construction for a lot of companies. Cranes improve business operations from a production standpoint and provide an efficient method of material handling. But, the crane can also be a dangerous piece of equipment if used incorrectly, which can lead to serious injury. When the crane is overloaded, it is subject to structural stresses that may cause irreversible damage.
A lot of companies have moved away from best safety practices with the use of cranes, particularly since so much emphasis is placed on other forms of safety such as fall protection, safer welding practices, and automated machining. Load analysis ensures how many pounds the hoist can handle, and it helps to maintain good working conditions. Performing right analysis ensures the hoist and overhead crane remain in good working order and that all operations run smoothly. [11] Static analysis of the gantry crane presented in the article was focused on the specification of the maximum external weight which can be applied at the designed truss structure. On the other hand the static analysis is only the base for next analyses as are e. g. dynamic analysis (when the load moves in relation to the structure of the crane) or modal analysis of the truss.
